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ABSTRACT
EFFECTS OF PRE-RELEASE PHYSICAL STRESSORS ON POST-RELEASE
SUCCESS OF HATCHERY-REARED SPOTTED SEATROUT
by Taylor Westbrook Guest
May 2015
Alteration of habitat associated with coastal development and increased demand
for food and recreation can result in the depletion of fisheries resources such as the
Spotted Seatrout (Cynoscion nebulosus), the Gulf of Mexico’s most popular recreational
fish. Stock enhancement, or the release of cultured fish to supplement wild populations, is
one potential tool for managing important fisheries resources. Although much effort has
gone into marine stock enhancement, the effectiveness of stocking is not well established,
and techniques for ensuring success have not been developed. Although the basic biology
of the Spotted Seatrout is well known, comparatively little is known about its physiology,
including how it responds to physical stressors associated with handling, transport, and
release procedures. My research focused on the impacts of these physical stressors on the
stress response (i.e., cortisol production), survival, condition, and inferred growth of
Spotted Seatrout upon release. In Chapter II, I present a two-part study on the stress
response of Spotted Seatrout exposed to the stressors associated with the stock
enhancement process. I assessed whole body cortisol concentrations in both 48- and 80day post-hatch (dph) fish during real time stock enhancement processes such as
netting/handling, tagging, transport, and release, followed by a 30-day field experiment
designed to examine the impacts of stock enhancement procedures on post-release
growth, Fulton’s Condition Factor (K), and survival. Cortisol in 48-dph fish nearly
ii

doubled 15 minutes post-net (from 2,413 pg/g in controls), increased to a peak of almost
sevenfold in the immediate post-transport treatment, and then decreased by
approximately 50% from the peak in 60 minute post-transport fish just prior to release. In
80-dph fish, cortisol initially increased by about 15% 30 minutes post-tag (from 799 pg/g
in controls), peaked at threefold by 120 minutes post-tag, and decreased about 15% from
the peak through the transport processes before spiking slightly just prior to release. Even
though 80-dph fish experienced more stressors than their 48-dph counterparts, including
tagging, they exhibited a lower cortisol concentration throughout, perhaps indicative of
down-regulation of the Hypothalamic-Pituitary-Interrenal (HPI) axis. For 48-dph fish in
the cage study, survival was high and similar in control and experimental groups, but
experimental fish were shorter, lighter, and of lower K than control fish. For 80-dph fish,
fewer experimental fish survived than control fish, and those that survived were of lower
K than fish in the control group. In Chapter III I present a novel cortisol extraction
procedure for use in intermediate sized fishes (i.e., fish that are too small to provide a
blood sample adequate for plasma extraction, yet too large to efficiently conduct wholebody homogenization). Assay precision and accuracy was comparable to both plasma and
whole-body extraction procedures. This extraction procedure allows for smaller portions
of a larger fish to be sampled for cortisol, while at the same time, eliminating any
potential interfering lipids that may otherwise be extracted along with cortisol using
whole-body extraction procedures. Intra-assay percent CV was 8.54%. Average recovery
of spiked samples was 102%. This extraction procedure was therefore an effective
mechanism for measuring cortisol in fish not amenable to plasma or whole-body
extraction procedures. In conclusion, this study suggests that younger, untagged fish have
iii

higher post-release survival than those grown to the size needed for insertion of a codedwire tag. These data also suggest that effects of the tagging procedure need further
investigation.
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CHAPTER I
GENERAL INTRODUCTION
Stock Enhancement and Management
The coastal recreational and commercial fisheries are among the most important
natural resources in the United States. In 2011, commercial and recreational saltwater
fishing supported 1.7 million jobs and generated $199 billion in revenue (NMFS 2011).
In the Gulf of Mexico alone, total recreational fishing and durable equipment
expenditures were $9.8 billion (NMFS 2011). Unfortunately, two-thirds of harvested
marine species for which population data exist are either at or below sustainable levels
(NMFS 2011), and capture fisheries production has been stable since the 1980’s (SOFIA
2014). At the same time, global demand for seafood has more than doubled since 1973,
and demand for fish is expected to grow by 1.5% annually to 2020 (Delgado et al. 2003).
Aquaculture currently accounts for at least 50% of all fisheries products and is filling the
gap between the supply of wild-caught fish and demand, but continued increases in
seafood demand for both food and recreation present a growing challenge for maintaining
the sustainability of these important marine resources.
Stock enhancement (SE), or the release of cultured fish into the wild to support
native fisheries, has been used since the late nineteenth century. The goal of SE typically
is to overcome the phenomenon of recruitment limitation (Munro and Bell 1997, Doherty
1999) in which the natural supply of juveniles fails to reach the carrying capacity of the
habitat even though there may be sufficient numbers of spawning adults; however, it is
also possible to supplement wild stocks without regard to the level of recruitment to
simply support increased fishing pressure (Lorenzen 2005). Although much effort has
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been put into marine SE since its popularization in northeastern states in the late
nineteenth century, the effectiveness of stocking marine species is not well understood
and techniques for ensuring success have not been well developed.
Freshwater SE practices, largely salmonid based, have proven to be successful.
Indeed, Alaskan hatcheries have produced 27-63 million adult salmon annually since the
early 1990’s, accounting for 14-37% of the common-property statewide commercial
harvest (Heard 2011). During the years of 2005-2009, Alaskan hatcheries released an
average of 517 million juveniles annually, accounting for 2%, 9%, 19%, 20%, and 78%
of the Pink, Sockeye, Chinook, Coho, and Chum Salmon commercial harvest,
respectively (Heard 2011). However, SE success stories for marine finfish are rare. One
of few such success stories is flounder stock enhancement in Japan, which resulted in as
much as a 30% recapture rate with enhanced fish constituting 33% of the fishery (Masuda
and Tsukamoto 1998). Numerous countries throughout the world practice finfish SE,
including Australia (Black Bream and Barramundi) (Taylor et al. 2005), and Norway
(Cod, Haddock, and Halibut) (Moksness 2004). In the United States, SE programs
include Striped Bass and Red Drum in Alabama and Red Drum and Snook in Florida
(Leber 2004). Texas, however, is perhaps the biggest practitioner. Since 1983, over 568
million Red Drum and 50 million Spotted Seatrout have been released in Texas waters
(McEachron et al. 1998, Blaxter 2000).
To realize the potential of SE, better science is needed to evaluate the many
uncertainties that impede our understanding of SE potential (Hilborn and Walters 1992).
The uncertainties that have inhibited marine SE have been associated with two issues
(Lorenzen et al. 2010). First, the lack of technology for tagging early life stage hatchery-
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reared fish (HRF) prohibited quantifying recoveries and analysis of SE impacts on wild
stocks. This issue has been largely alleviated with the development of coded-wire and
genetic tags. Coded-wire tags are ideal for tagging early life stages in that they are less
intrusive than dart tags and allow detailed record keeping. Alphanumeric coding on each
tag allows identification of each release group, allowing for the collection of quantitative
data. Genetic tagging is also becoming a viable resource for quantifying stock
enhancement success and impacts on fisheries. Genetic tagging offers all the benefits of
coded-wire tags, is less invasive, and can be used on smaller fish than coded-wire tags.
Also, while coded-wire tags are retained well (80% or more), genetic tags will never be
lost. The second major impediment for marine SE has been the inability to mass culture
fish beyond larval stages for release (Lorenzen et al. 2010). This too has been addressed
with advancing knowledge of fish culture, nutritional requirements, optimum density, and
disease control. Even so, post-release recapture rates continue to be low, and suggest poor
post-release survival. Leber et al. (1996) and Leber and Acre (1996) recaptured 2.8% of
released Striped Mullet that were stocked by The Oceanic Institute of Hawaii. Tringali et
al. (2008) showed a recapture rate of about 6% in Red Drum released in Florida.
Hatchery-reared Snook in Florida represented 6-12% of the total number of juvenile
Snook sampled about five months after release near the release site (Brennan and Leber
2002). Leber (2006) found about 3% of adult Snook sampled during annual sampling
events were hatchery-reared Snook. Physiological uncertainties such as the effects of low
magnitude chronic stressors like human disturbances within rearing tanks, or high
magnitude acute stressors such as hatchery-release procedures may contribute to low
post-release success.
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Mississippi Spotted Seatrout: A candidate species for marine stock enhancement
The Spotted Seatrout is the preferred target of recreational anglers in Mississippi,
and represented 45% of the fish caught recreationally in the Gulf of Mexico in 2011
(Fulford and Hendon 2010, NMFS 2011). Its euryhaline nature and tolerance to
environmental fluctuations allows it to have a wide distribution largely affiliated with the
coastal habitats throughout the entire Gulf of Mexico. The Spotted Seatrout’s affinity for
estuarine and near shore environments make it easily accessible, and its aggressive
temperament, tendency to fight, and high quality flesh make it highly prized by anglers.
The Spotted Seatrout is most commonly associated with shallow, brackish water
bays and estuaries that contain extensive submerged vegetation and adjacent deep water
refuges from extreme summer and winter temperatures (Zieman 1982). Although
seagrasses such as Halodule spp. and Thalassia spp. appear to be critical habitat for the
early developmental stages of Spotted Seatrout, tidal creeks, bayous, marshes, and other
areas that may be lacking extensive seagrass beds can also provide adequate habitat for
juveniles (McMichael and Peters 1989, Killam et al. 1992). Perhaps a larger driving
factor in the distribution of the species than association with a particular habitat type is
the mere presence of a structural component, which varies throughout the Gulf of
Mexico’s coastal environments.
The Spotted Seatrout has been characterized as an opportunistic carnivore that
feeds primarily on small crustaceans during larval and juvenile life stages and fish and
shrimp during adult life stages (Pearson 1929, Gunter 1945, Perret et al. 1980). Primary
components of the Spotted Seatrout diet vary based on fish size, habitat type, and season;
however, food availability may be the most influential factor mediating food selection
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(Gunter 1945, Tabb 1961, Tabb 1966, Rogillio 1975, Perret et al. 1980, McMichael and
Peters 1989).
Tagging studies have shown that the Spotted Seatrout is non-migratory and
estuary-specific, with limited movement between estuaries. Tagging data from
Mississippi also have shown that Spotted Seatrout is recaptured primarily in the same
area as tagged and released. In one study, movement was generally less than 32 km
(Warren et al. 1998). Movement patterns may be strongly associated with food
availability and prey movements (Guest and Gunter 1958, Rogillio 1982). Fall movement
of Spotted Seatrout paralleled the movement patterns of Gulf Menhaden into up-river
locations (Deegan and Thompson 1985). Seasonality also influences spawning
movements out of bays and bayous to deeper coastal waters in spring (Deegan and
Thompson 1985).
Spotted Seatrout spawning is controlled by temperature, salinity, and photoperiod
(Lorio and Perret 1980); however, spawning occurs over a wide range of salinities from
10-40 ppt (Brown-Peterson 2003). Although grass beds are believed to be important,
there is no true consensus on essential habitat for Spotted Seatrout spawning (BrownPeterson et al. 1988). Brown-Peterson (2003) noted that the Spotted Seatrout is a multiple
spawner with two spawning peaks, May and August, during which they can spawn 8-11
times (Saucier and Baltz 1993). Annual fecundity is positively correlated with size and
age of the fish as well as the duration of the spawning season (Brown-Peterson 2003).
Spotted Seatrout eggs vary in size, ranging from 0.7-0.98 mm in diameter (Miles
1951), and can be found over a wide range of salinities in marine or estuarine
environments (Kucera et al. 2002). In aquaculture, larvae hatch about 18 hours after egg
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fertilization (Fable et al. 1978). First feeding in an aquaculture setting starts after
absorption of the yolk-sac, usually 72-80 hours post-hatch (Arnold et al. 1976). In the
wild, larvae ranging from 2-6 mm are pelagic, similar to eggs, and found throughout bays
(Powell et al. 1989). Older larvae, ranging from 6-18 mm, settle to the bottom and are
closely associated with structural habitats in estuarine environments (Brown 1981,
Rooker et al. 1998). McMichael and Peters (1989) found that larvae settle to the bottom
from plankton at about 7 mm (17 d old). Copepod nauplii are the predominant food
source for Spotted Seatrout larvae <15 mm (McMichael and Peters 1989). Larger larvae
selected prey items such as adult copepods, amphipods, and mysid shrimp (McMichael
and Peters 1989). A dietary shift away from copepods and amphipods toward larger prey
items such as fish and shrimp occurs at about 60 mm (Mason and Zengel 1996). Lorio
and Perret (1980) noted that adult Spotted Seatrout >350 mm preferentially seek out fish.
Although Spotted Seatrout stocks are currently considered stable, high annual
harvest rates of Spotted Seatrout evoke concerns about population dynamics. Since the
initiation of recreational saltwater fishing license in July 1993, total license sales in
Mississippi have increased approximately 13% (MDMR, unpublished data). Fishing
mortality is now considered to be approaching that of maximum sustainable yield (MSY)
(Fulford and Hendon 2010), yet recreational fishing efforts have increased an average of
7% annually since 1993 (Fulford and Hendon 2010).
Stock Enhancement at the Gulf Coast Research Laboratory
At the University of Southern Mississippi (USM) Gulf Coast Research Laboratory
(GCRL), stock enhancement research is being conducted to investigate the effectiveness
of using HRF to enhance select populations of commercially and recreationally important
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Mississippi fish stocks. The USM GCRL has participated in stock enhancement since
1969 when a program to restore Striped Bass to the Mississippi coast was initiated. Since
its inception, over 13 million Striped Bass fingerlings have been released (Nicholson
2013). In the late 1990s, GCRL developed the techniques for the small-scale culture and
release of Red Snapper. GCRL began culturing Spotted Seatrout in 2005 with the
establishment of the Spotted Seatrout Population Enhancement Cooperative (SPEC), a
cooperative program with the Mississippi Department of Marine Resources and the
Coastal Conservation Association. The goal of the SPEC program is to develop methods
to obtain and spawn broodstock, produce eggs and larvae, grow larvae to a size suitable
for tagging, tag reared juveniles, release them into Mississippi waters, and assess the
success of releases and possible effects on the natural populations.
Since 2005, GCRL has developed key innovations involving Spotted Seatrout
rearing. Two populations of broodstock representing Davis Bayou and Bay St. Louis are
being maintained. Photothermal spawning protocols based on adaptations of Arnold et al.
(1976) have been implemented and have resulted in reliable spawning since 2006. Four
individual broodstock tanks (two each from each population) are routinely staggered in
cycling to provide year round production of Spotted Seatrout larvae. Upon initiation of
spawning, broodstock tanks spawn routinely and can continue to spawn over long periods
of time. Females typically produce an average of 500,000 eggs per spawn with up to 90%
fecundity (Lee 2012). Intensive larval rearing and grow out protocols adapted from
Arnold et al. (1976) address management of cannibalism and other impediments,
enabling the release of over 800,000 juveniles since 2006. Since 2009, all hatchery fish
have been genetically identifiable. Currently, two size classes of fish are released, 50-mm
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(about 48-dph) and 100-mm (about 80-dph). The 50-mm fish are released with only the
genetic tag, but the 100-mm fish are released with both the genetic tag and a coded-wire
tag that identifies the release site, date, and production batch. However, no legal-sized
hatchery-reared Spotted Seatrout has been recaptured to date.
Stock Enhancement Issues and Set Backs
Advances in rearing and marking fish have made tracking large-scale releases
feasible; however, widespread post-release success, in the context of stock enhancement
(i.e., maximizing supplementation efforts without replacement of wild stocks with HRF),
has not been demonstrated effectively. One concern is that HRF may outcompete their
wild-born counterparts. Kitada and Kishino (2006) showed that hatchery-reared Red Sea
Bream increased populations at the level of individual bays; however, large-scale or longterm releases exceeded the carrying capacity and caused replacement of wild juveniles
with hatchery-reared juveniles. In the case of Kitada and Kishino (2006), essential
nursery habitat for juvenile Red Sea Bream was eelgrass. Coastal development in and
around the study site reduced eelgrass by 87%. The reduction of essential nursery habitat
coupled with the release of hatchery-reared Red Sea Bream exceeded the carrying
capacity, ultimately leading to density dependent mortality. Through empirical data,
Nakajima et al. (2013) suggested that the release of hatchery-reared Spanish Mackerel off
the western coast of Japan reduced the growth rate of wild fish and displaced the wild
fish in terms of biomass.
If HRF outcompete and replace wild fish, genetic issues may emerge as they
reproduce (Hilborn and Walters 1992, Kitada et al. 2009). An example of negative
genetic impacts of stock enhancement is inbreeding depression, or the reduction in fitness
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of a population brought on by decreases in genetic diversity (Kincaid 1983). If HRF
outcompete wild fish, the likelihood of a lower effective population size is increased, thus
leading to decreased genetic variability and a higher probability of the expression of
deleterious alleles that may have otherwise been weeded out of the population (Ryman
and Laikre 1991). Genetic drift also poses a potential concern for SE practices. If HRF
outcompete their wild counterparts, the probability of HRF reproducing and passing on
hatchery traits to offspring is greatly increased, thus increasing the probability of
disappearance of gene variants, ultimately leading to decreased genetic variation within
the population (Kitada et al. 2011). Several empirical studies have documented a decrease
in reproductive success of HRF in the wild, although there is considerable variation in
reproductive success (Kitada et al. 2011). Decreases in the reproductive success of HRF
along with subsequent mating with wild fish, could ultimately lead to reductions in the
total number of fish over several generations (Nakajima et al. 2013).
HRF may be behaviorally ill-equipped to survive upon release. These behavioral
deficiencies can be attributed to differential experiences between hatchery and wild fish
within their respective environments. Some behavioral deficiencies include a lack of
properly developed antipredator responses, inability to properly recognize and capture
novel food items, and improperly developed reproductive behaviors. Hatchery-reared
Coho Salmon have underdeveloped antipredator response behaviors (Olla and Davis
1989). HRF react less spontaneously to novel food items (Sundstrom et al. 2004, Jackson
et al. 2013) or potential threats (Einum and Fleming 1997) than wild fish. For several
weeks after release into a natural river, hatchery-reared Honmasu Salmon had
significantly emptier stomachs than wild counterparts, and consumed more non-food
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material such as stones and leaves (Munakata et al. 2000). Fleming et al. (1996 and 1997)
showed that cultured Atlantic Salmon displayed different reproductive behaviors than
wild counterparts. Males were less aggressive and exhibited less pronounced courtship
behaviors. Females were inadequate nest builders. If inexperience was the only reason for
the lack of success, ‘experience training’ could substantially increase post-release
survival. However, recapture rates, even after behavioral training, are still low for HRF
used in stock supplementation (Bell et al. 2006).
Routine hatchery operations also expose HRF to unavoidable anthropogenic
factors such as stressors associated with confinement, high density, handling,
transportation, chemicals, cannibalism, and adverse water temperature and light
conditions (Barton 2002), all of which could impact their growth and survival upon
release. Barton and Iwama (1991) showed that handling stress evoked an increase in
glucose, lactate, and cortisol, and Montero et al. (1999) showed that high stocking
densities produced crowding stress in Gilthead Sea Bream. Density dependent reduction
in growth rate was seen in Arctic Char, owing to the stressors associated with the fish’s
territorial nature (Jorgensen et al. 1993). However, there may be underlying and
unrecognized physiological mechanisms associated with routine hatchery and release
procedures that influence the later growth and survival of HRF following release.
Comprehensive studies on the stress response of hatchery-reared freshwater fishes have
been conducted (Woodward and Strange 1987, McDonald et al. 1993, Barton and Zitzow
1995, Barton 2000, Barton 2002, Portz et al. 2006, Pottinger 2008). Comparable studies
in marine fish are few, and little work has been done on the physiological effects of
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routine handling, transport, and release procedures in the context of stock enhancement
success.
Stress and Stressors
Homeostasis is defined as the tendency of a physiological system to maintain
internal stability. Stress can be defined as any threat to homeostasis. Stressors, real or
perceived, are factors that cause deviation from the homeostatic state. Stressed organisms
switch to a specific perturbed physiological mode known as allostasis, which allows them
to cope with the stressors and attempt to reestablish homeostasis through physiological
and behavioral mechanisms (Sterling and Eyer 1988, Schulkin 2003). Although typically
considered detrimental, stress is a normal event that evokes adaptive responses. It is only
when stress becomes chronic and exceeds the adaptive capacity of the organism that
stress becomes a problem. To understand the nature of stress, one must differentiate
between primary, secondary, and tertiary stress responses. The primary stress response is
the initial response to a stressor and usually in and of itself does not cause any adverse
effects or physiological abnormalities within an organism. The primary response involves
an initial neuroendocrine response characterized by a measurable change in blood
chemistry, including catecholamines and corticosteroids (Barton 2002). The secondary
stress response is the effect of the primary response on physiology and metabolism.
Secondary stress responses may lead to an increase in blood glucose, increased heart rate,
changes in plasma osmolality, immune suppression, and/or behavioral changes (Barton
2002). Although secondary stress responses can be beneficial to survival, they may
become maladaptive if the stress becomes chronic. Chronic stressors can lead to tertiary
stress responses and subsequent reallocation of resources to deal with these long lasting
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stressors (Barton 2002). This can lead to growth retardation, decreased reproductive
function, and immune deficiency, which ultimately could lead to increased susceptibility
to parasites, diseases, and death.
A prominent neuroendocrine response to stress in fishes is the activation of the
hypothalamic-pituitary interrenal axis (HPI axis). Stimulation of this axis causes the
hypothalamus to secrete corticotrophin-releasing factor (CRF). CRF then stimulates the
pituitary to secrete adrenocorticotropic hormone (ACTH). Circulating ACTH stimulates
interrenal tissue to release the steroid hormone cortisol, which is then distributed to target
tissues. Cortisol is the most abundant and potent glucocorticoid in both humans and fish.
Glucocorticoids are the drivers needed to combat stress. Glucocorticoid signals to liver,
adipose tissue, and muscle catalyze chemical catabolism of stored fat, sugars, and protein.
As cortisol production increases, the concentration of free cortisol rises and inhibits
secretion of ACTH; both the hypothalamus and pituitary are subjected to this feedback
inhibition (Mommsen et al. 1999).
Repeated stressors also cause changes in the HPI axis and overall stress
responses; and multiple stressors in sequence may have cumulative impacts on cortisol
levels. Juvenile Chinook Salmon exposed to several individual stressors exhibited a
cumulative stress response, proportionally related to the magnitude of the stressors
(Barton et al. 1986). Conversely, multiple exposures also may cause desensitization of
the HPI axis, leading to lower cortisol levels during future stress events. If interrenal
production of corticosteroids is chronically elevated due to constant stressors, a downregulation of the endocrine stress axis (HPI-axis) may occur. This down-regulation of the
HPI axis may cause attenuation of responses to subsequent stressors (Hontela 1997). The
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duration of time between stressors, synergistic effects of multiple stressors, and stressor
magnitude all may play an important role in the stress response and activity of the HPI
axis. Cortisol increases in response to a number of hatchery rearing procedures, including
netting and handling, air exposure, acclimation temperature, crowding, and contaminant
exposure (Pickering and Pottinger 1989, Barton and Iwama 1991, Barton 2002, Ortuno et
al. 2002). Poor water quality in the hatchery environment, for example, may exacerbate
the effects of stressors during the release process (Barton et al. 1985). Barton et al. (2011)
found that losses of fingerling Walleyes may occur during or after extended rearing
stressors. Mortality may result from environmental conditions and predator presence in
receiving waters, but conditions relating to fish quality, handling, and transport could be
the driving factors for deficiencies leading to these mortalities.
Pre-Release Stressors
Hatchery-reared Spotted Seatrout experience many stressors prior to release.
Apart from any potential stress due to rearing in high density, the tagging and release
process constitutes multiple potential sources of stress. At the USM GCRL, fish are
anesthetized for this process. The USM GCRL uses Tricaine Methanesulfonate (MS222). After MS-222 administration, fish are netted from growout tanks. Fifty-mm fish are
loaded directly into the hauler and taken to the release site for release, whereas 100-mm
fish are netted and placed in a plastic holding tub at the tagging station. The plastic
holding tub is filled with a mixture of water, MS-222, and Stress Coat® Water
Conditioner. This addition of MS-222 allows the tagger to efficiently handle and tag the
fish. Each 100-mm fish in the holding tub is manually tagged in the anterior musculature
of the operculum with a coded-wire tag and sent through a Quality Control Device, which
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separates tagged from untagged fish. Following a short post-tag recovery time, fish are
again netted, loaded into a hauler, and taken to the release site for release. Fish are
transported, sometimes as far as 50 miles. At the release site, fish are equilibrated to
ambient environmental conditions by pumping ambient site water into the hauler in
exchange for hatchery water. This water exchange period lasts from an hour to one and
one-half hours. The fish are then ejected by gravity from the hauler into the water at the
site through a six-inch diameter release tube.
Objectives
The aim of this study is to elucidate the primary stress response of hatcheryreared Spotted Seatrout when subjected to stressors relating to routine handling,
transport, and release. Specifically, for Chapter II I propose to address the following
questions: 1) To what extent do activities associated with handling, transport, and release
processes elicit the production of cortisol?, 2) Which release age class (48- or 80-days
post-hatch) is more tolerant to release processes?, and 3) Do physical stressors associated
with release practices cause significant decreases in growth and survival upon release?
For chapter three, I propose to address the following question: 1) Can a modified cortisol
extraction procedure using a tissue based extraction method be as accurate and precise as
both whole-body and blood plasma extraction methods?
In Chapter II, I will use cortisol as an indicator of the stress response in hatcheryreared Spotted Seatrout subjected to real-time release procedures to address the null
hypothesis that release procedures do not impact cortisol production in hatchery-reared
Spotted Seatrout and do not cause increased mortality and decreased growth rates of
hatchery-reared Spotted Seatrout upon release. In Chapter III, I will describe a novel
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cortisol extraction procedure used to quantify cortisol in intermediately sized fish that are
not amenable to traditional extraction methods (i.e., fish that are too small to take blood,
yet too large to use whole-body homogenization and extraction methods).
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CHAPTER II
EFFECTS OF PRE-RELEASE PHYSICAL STRESSORS ON THE STRESS
RESPONSE AND POST-RELEASE SUCCESS OF
HATCHERY-REARED SPOTTED SEATROUT
Abstract
This study examined the impacts of pre-release handling, tagging, transporting,
and releasing on the primary stress response and post-release survival and growth of 48and 80-day post-hatch (dph) hatchery-reared Spotted Seatrout, Cynoscion nebulosus.
Tissue samples from both age classes of fish were measured for cortisol during netting
from the rearing tanks, tagging (80-dph), transport, and release procedures. Sampling
intervals for 48-dph fish included 15 minutes post-net and immediate, 30 and 60 minutes
post-transport. For 80-dph fish, sampling intervals were 30, 60, 90, 120, and 250 minutes
post-tag and immediate, 30 and 60 minutes post-transport. Two cage studies, one for each
age class, were conducted following post-transport acclimation. 48-dph Spotted Seatrout
were divided into two groups. The first (experimental) group underwent the release
procedure, and the second (control) group underwent no release procedure. 80-dph
Spotted Seatrout also were divided into two groups on the day of the 80-dph cage study.
The first (experimental) group underwent the normal handling, tagging, transport, and
release procedure, and the second (control) group underwent no handling, no tagging, and
no release procedure. All fish for both 48- and 80-dph cage studies experienced the
transport stressor, as transportation to the release site could not be eliminated. Forty-five
fish from each of the two groups associated with each of the 48- and 80-dph cage studies
(total of 90 fish each) were collected either via dip net following ejection from the release
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pipe during a normal release procedure or directly from a separate, control hauler where
no fish underwent any stressors associated with the release procedure. Fish from each
treatment for each age class cage study were allocated evenly and randomly among six
separate (three control cages and three experimental cages) 1.2 m3 cages (n=15 in each
cage) randomly arranged along a linear transect of marsh habitat and monitored for 30
days. In 48-dph fish, cortisol increased throughout the release process from 2,413 pg/g in
controls to a maximum of 15,795 pg/g in immediate post-transport fish, before decreasing
to 8,450 pg/g just prior to release. In 80-dph fish, cortisol also increased throughout the
handling, tagging, and transport procedure from 799 pg/g in controls to a maximum of
2,181 pg/g in 120 minutes post-tag fish before decreasing to 1,833 pg/g in 30 minutes
post-transport fish and increasing to 2,065 pg/g in 60 minutes post-transport fish just
prior to release. Although 80-dph fish underwent more stressors than their 48-dph
counterparts, they exhibited a lower cortisol concentration throughout, perhaps indicative
of down-regulation of the Hypothalamic-Pituitary-Interrenal (HPI) axis. For 48-dph fish,
survival was high and similar in control and experimental groups, but experimental fish
were shorter, lighter, and of lower condition factor than control fish. For 80-dph fish,
fewer experimental fish than controls survived, and those that survived were of lower
condition factor than fish in the control group. Younger, untagged fish might have higher
post-release survival than those grown to the size needed for insertion of a coded-wire
tag.
Introduction
Marine fisheries production has not increased significantly since the 1980’s
(SOFIA 2014), but demand continues to grow. When combined with the anthropogenic
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activities that result in habitat alteration, the long-term sustainability of our valuable
marine resources is in question. Indeed, in 2012, 61% of stocks where population trends
were known were considered fully exploited and 29% were overexploited, depleted, or
recovering (SOFIA 2014).
The Spotted Seatrout is the most popular recreational fish in the Gulf of Mexico.
68% of anglers in the Gulf of Mexico targeted Spotted Seatrout as their fish of choice
(LDFW Unpublished Data 2000). Spotted Seatrout landings in Mississippi have
increased since 1995, with recreational landings making up 90% of the total catch
(Fulford and Hendon 2010). Stock assessment in North Carolina from 1991-2008 showed
a declining trend in stock abundance and landings (NCDMF 2009). In Florida, even with
increased fishing effort, recreational landings decreased from 6.3 million during the
1980s to an average of only 2.6 million fish since 1996 (FWC 2009). These opposing
trends in effort and landings could be a sign of decreasing stocks of Spotted Seatrout.
Because the trend in increasing recreational effort is likely to continue, a comprehensive
management strategy should be implemented.
Although management of fishing efforts (i.e., size, creel, and season restrictions)
and habitat protection and restoration are key components to maintaining sustainable
marine fisheries, stock enhancement, or the release of cultured fish into the wild to
support native fisheries or overcome year-class shortages (recruitment limitations) from
year to year, could be a viable part of an integrated comprehensive management strategy.
Although much effort has been put into marine stock enhancement since its
popularization in northeastern states in the late nineteenth century, the effectiveness of
marine stock enhancement is not well established (Lorenzen et al. 2010). With the
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advancement of efficient culture and tagging technologies, it is now possible to release
large numbers of identifiable HRF in a single season; however, even with these
technological advancements, recapture rates are low (Lorenzen et al. 2010). It is,
therefore, imperative that stock enhancement programs find ways to optimize release
procedures to insure success of HRF upon release (Leber 1999, Rose 2005, Lorenzen et
al. 2010).
The hatchery environment may play a role in the lack of marine stock
enhancement success. HRF may be behaviorally ill-equipped to survive upon release
(Olla et al. 1998). These behavioral deficiencies can be attributed to differential
experiences between hatchery and wild fish within their respective environments. Some
behavioral deficiencies include a lack of properly developed antipredator responses,
inability to properly recognize and capture novel food items, and improperly developed
reproductive behaviors. Hatchery-reared Coho Salmon have underdeveloped antipredator
response behaviors (Olla and Davis 1989). HRF react less spontaneously to novel food
items (Sundstrom et al. 2004, Jackson et al. 2013) or potential threats (Einum and
Fleming 1997) than wild fish. Upon release into a natural river, hatchery-reared Honmasu
Salmon had significantly emptier stomachs than wild counterparts, and consumed nonfood material such as stones and leaves (Munakata et al. 2000). If inexperience was the
only reason for the lack of success, ‘experience training’ could substantially increase
post-release survival. However, recapture rates, even after behavioral training, are still
low for HRF used in stock enhancement (Bell et al. 2006).
Routine hatchery operations expose HRF to myriad potential stressors associated
with confinement, high density, handling, chemicals, cannibalism, adverse salinity and
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unnatural light conditions (Strange and Schreck 1980 Barton 2002). Ramsay et al. (2006)
showed that crowding Zebrafish at densities of 40 L-1 caused a fourfold increase in
whole-body cortisol, and Montero et al. (1999) showed that high stocking densities
produced crowding stress in Gilthead Sea Bream. Wedemeyer (2011) found moderate
handling produced significant elevation in the stress response in juvenile Coho Salmon
and Rainbow Trout. In addition, multiple and/or concurrent exposures to stress events or
chronically elevated cortisol may lead to down-regulation of the endocrine stress axis
resulting in an attenuated response to subsequent stressors (Hontela 1997). Juvenile
Rainbow Trout exposed to continuous mild stressors over a 10 wk period exhibited a
reduced stress response to subsequent acute stressors, whereas naïve, or previously
unstressed Rainbow Trout, produced twice as much cortisol when exposed to an acute
stressor (Barton et al. 1986a). While the stress response of freshwater HRF is well
understood (Woodward and Strange 1987, McDonald et al. 1993, Barton and Zitzow
1995, Barton 2000, Barton 2002, Portz et al. 2006, Pottinger 2008), comparable studies in
marine fish are few, and little work has been done on the physiological effects of routine
handling, transport, and release procedures in the context of stock enhancement success.
In this chapter, I examine the effects of handling, transport and release procedures
on 1) cortisol levels in two size classes of hatchery-reared Spotted Seatrout and 2) postrelease survival and growth of two size classes of Spotted Seatrout held in the wild in
artificially constructed pens (mesocosms) following release. My first overarching null
hypothesis is that the handling, tagging, transport, and release procedures will have no
effect on cortisol. More specifically, I conducted custom hypothesis testing to compare
cortisol concentrations at key time points throughout the handling, tagging, transport, and
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release procedure in each of the two size-classes with the null hypothesis for each
comparison being that there is no difference between the time points. My second
overarching null hypothesis is that there is no difference in survival, inferred growth, or
condition factor between control and experimental groups for either age class postrelease.
Methods
Animals and husbandry
Larvae were volitionally spawned from captive broodstock held in recirculating
systems at the University of Southern Mississippi’s Thad Cochran Marine Aquaculture
Center and photothermally cycled to 15 hours of light and 9 hours of dark and 26 °C.
Salinity in broodstock tanks was held at approximately 30 ppt. Fertilized eggs were
collected via small mesh dip net from the surface of the water in a skimmer box attached
to each tank. Eggs were then stocked into incubation chambers at a density of 1 mL-1 at
27 ppt and 27 °C for 24 h. Newly hatched larvae (1-dph) were stocked at 15 L−1 into
1500 L larval rearing tanks seeded with 75 thousand cells mL-1 of Nannochloropsis paste
(Reed Mariculture) at 25 ppt and 27 °C. Beginning at 60 hours post-hatch, enriched stype rotifers were maintained at 1.0 mL-1 and gradually increased to 8.0 mL-1 over 8 days.
The target feed level was maintained by adding the difference between a residual prey
count and the target level every eight hours. At day ten post-hatch, rotifers were
discontinued and enriched Artemia was introduced at 0.3 mL-1. Artemia density was
gradually increased to approximately 8.0 mL-1 over 12 days. The target feed level was
maintained by adding the difference between a residual prey count and the target level
every eight hours. Sprinkles of dry 150 µm pellets (Skretting USA) were introduced on
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day 13 and gradually increased in both volume and particle size until fish were weaned
and Artemia was discontinued. At 24-dph, fish were transferred to 1500 L nursery tanks
at approximately 3 L-1 (25 ppt and 27 °C) and fed at approximately 3% body weight per
day until reaching a size of 50-mm (about 48-dph). At this time, approximately half of
the fish were collected, loaded into haulers, transported, and released. The other half of
the stock was retained and fed pelleted feed at 3% body weight/day until reaching an
approximate size of 100-mm (about 80-dph), at which time they were tagged and
released.
Standard release procedure
Prior to release, fish were anesthetized with Tricaine Methanesulfonate (MS-222)
(Western Chemical, Inc.). Following anesthesia, fish were netted from tanks. 48-dph fish
(50-mm) were loaded directly into the hauler and taken to the release site for release. At
the appropriate time, 80-dph (100-mm) fish were netted and placed in a plastic holding
tub filled with a mixture of water, MS-222, and Stress Coat® Water Conditioner (API
Fishcare) at the tagging station. Each 80-dph fish in the holding tub was netted,
transferred to the tagging machine, manually tagged in the anterior musculature of the
operculum with a coded-wire tag (Northwest Marine Technology), and sent through a
Quality Control Device which separated tagged from untagged fish. Following a short
recovery, tagged fish were again netted, loaded into a hauler, and taken to the release site
for release. At the release site, both 48- and 80-dph fish were equilibrated to ambient
environmental conditions by pumping ambient site water through the hauler for one to
one and one-half hours. The fish were then ejected by gravity from the hauler into the
water through a six-inch diameter release tube (Figure 1).
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Figure 1. Flow chart description of the release process. All pre-transport processes are in
green, all post-transport processes are in blue, and all post-release processes are in red.
Orange diamonds represent sampling time points in minutes after stressor. Diamonds
labeled IM represent a sample taken immediately after the stressors occurred. Blue
triangle labeled “Release” represents fish release from the hauler at 25 L/sec. 80-dph fish
underwent all release steps within the flow chart, while 48-dph fish underwent all steps
within the flow chart, except for the tagging procedure.
Experimental Design
Sites. The Gulf Coast Research Laboratory (GCRL) releases hatchery-reared
Spotted Seatrout at four release sites. I conducted my field experiment with HRF at one
of the four release sites located in Fort Bayou in Ocean Springs, Mississippi
(30°25'7.82"N, 88°50'17.40"W).
Description of cages. Experimental cages were approximately 1.2 m3. Frames for
the cages were made from 1/2” PVC pipe arranged into a cube. The pens were covered
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by 1/4” plastic mesh secured to the PVC frame with plastic zip ties. All cage material was
purchased from Pentair Aquatic Eco-Systems (Figure 2).

Figure 2. 1.2 m3 cages covered with 1/4” plastic mesh used to hold 48- and 80-day old
Spotted Seatrout, Cynoscion nebulosus, in natural marsh habitat following either a sham
or routine release of HRF to assess the effects of the release procedure on survival and
growth.
Cage placement. Six cages for separate 48- and 80-dph cage studies (three control
replicates and three experimental replicates each) were randomly placed along a linear
transect adjacent to marsh habitat to allow subjects to interact with marsh biota,
especially as a source of food. The 48-dph cage study was conducted in September, and
the 80-dph cage study was conducted in October. All cages were placed approximately
1.8 meters from the marsh edge and at a depth that provided at least 1.2 meters of
continuous water coverage throughout the tidal cycle. Each cage was anchored by zip-ties
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to its own set of three, 2-inch diameter PVC pipes driven approximately 1.2 meters into
the sediment (Figure 3).

Figure 3. Aerial photo of experimental site via Google Earth. Control and treatment
replicate net pens were randomly distributed linearly along a transect, designated by the
elongated red box. All net pens were equidistant from one other, as well as from the
vegetation to control for any depth and available prey variability. Inset map in upper right
corner illustrates where the study is in relation to the greater Biloxi Bay area.
Cage subjects. On the day of each 48- and 80-dph cage study, all fish were
simultaneously transports in separate haulers (control hauler and experimental hauler) to
the release site. Experimental subjects were collected from the release pipe with a net and
evenly and randomly allocated among three experimental net pens (15 per pen). Controls
were gently netted and evenly and randomly allocated among three control net pens (15
per pen). All pens were randomly distributed along the experimental transect (Figure 3).
A one-week post-release survival assessment was conducted by slowly lifting the cage
from the water until a count could be made while leaving enough room for subjects to
swim freely. At the end of the 30 days, surviving fish were retrieved from the pens.
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Data collection
Because cortisol measurements require the death of the fish, baseline cortisol
levels could not be measured in the actual experimental animals. Therefore, a sample of
12 “reference” fish were analyzed to establish the basal cortisol concentration for both
48- and 80-dph fish. Reference fish were sampled two days prior to the day of release for
each respective age class. Experimental samples (n=12) were collected for cortisol
analysis at each of the following time points with respect to the sequence of stressors
experienced (note that each fish within any treatment group is sampled only one time due
to the lethal sampling procedure): For 48-dph fish, 1) 15 minutes post-net, 2) immediate
post-transport and 3) at intervals of 30 minutes post-transport until fish are properly
acclimated in the hauler to the receiving water quality parameters (i.e., 30 and 60 minutes
post-transport); for 80-dph fish, 1) 30, 60, 90, 120, and 250 minutes after handling and
tagging until the hauler is prepared for transport to the release site and 2) immediate posttransport and 3) intervals of 30 minutes post-transport until fish are properly acclimated
to the receiving water quality parameters (i.e., 30 and 60 minutes post-transport). Upon
completion of the 30-day cage study, total mortality, size (e.g., weight and length), and
Fulton’s condition factor (denoted by K henceforth) (K=Weight/Length³) were
determined for both 48- and 80-dph fish. Guts of recovered fish were also examined for
the presence of natural prey.
Data analysis
Linear mixed model (LMM) and custom hypothesis testing in SPSS 22.0 was
used to assess the differences in cortisol concentration at each time point during the
release procedure for both age classes during the pre-release stressor portion of the study.
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Fish weight was used as a covariate to standardize for weight in the linear mixed model.
Experimental units (i.e., tanks) representing each treatment were regarded as replicates
rather than each fish, thus avoiding inflating the degrees of freedom while still using
information from individual fish. Treatment and fish weight were fixed factors, and the
experimental unit (i.e., tank) served as a random effect in the model (i.e., random
intercept). The identity covariance structure was used as the most appropriate form for
the intercept of the random effect. The Restricted Maximum Likelihood (REML)
approach estimated model fit. For the 48-dph experiment, 15 experimental units provided
3 replicates each for the five treatments. Each experimental unit was represented by
cortisol data from two randomly selected fish for the analysis (i.e., total fish=30). For the
80-dph experiment, 26 experimental units represented the 9 treatment levels with three
replicate experimental units, except for two replicates for the 60 minutes post-transport
treatment. Each 80-dph experimental unit was represented by cortisol data from two or
three randomly selected fish. Typically, two fish represented one experimental unit for
each treatment level, and three fish represented the other two replicates for that level.
To reveal patterns and trends in the cortisol responses, sets of a priori custom
hypotheses were designed. A sequential Bonferroni procedure was used to adjust the
rejection levels in accordance with multiple testing requirements. Custom hypotheses for
48-dph Spotted Seatrout: Test 1 compared the control to all other treatment levels (i.e.,
the aggregate mean of 15 minutes post-net, immediate post-transport, 30 minutes posttransport, and 60 minutes post-transport levels); Test 2 compared the control to the 15
minutes post-net level; Test 3 compared the control to all post-transport levels (i.e., the
aggregate mean of immediate post-transport, 30 minutes post-transport, and 60 minutes
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post-transport levels); Test 4 compared the 15 minutes post-net level to all post-transport
levels (i.e., the aggregate mean of immediate post-transport, 30 minutes post-transport,
and 60 minutes post-transport levels); Test 5 compared the 15 minutes post-net level to
the immediate post-transport level; Test 6 compared the immediate post-transport level to
the 60 minutes post-transport level; and Test 7 compared the 30 minutes post-transport
level to the 60 minutes post-transport level. Custom hypothesis tests for 80-dph Spotted
Seatrout: Test 1 compared the control to all the other treatment levels (i.e., the aggregate
mean for 30 minutes post-tag, 60 minutes post-tag, 90 minutes post-tag, 120 minutes
post-tag, 250 minutes post-tag, immediate post-transport, 30 minutes post-transport, and
60 minutes post-transport treatment levels); Test 2 compared the control to all post-tag
treatment levels (i.e., the aggregate mean for the 30, 60, 90, 120, and 250 minutes posttag treatment levels); Test 3 compared the control to all the post-transport treatment
levels (i.e., the aggregate mean for the immediate, 30, and 60 minutes post-transport
treatment levels); Test 4 compared early post-tag levels to the late post-tag levels (i.e.,
aggregate mean for 30 and 60 minutes post-tag treatment levels vs. aggregate mean of
120 and 250 minutes post-tag treatment levels); Test 5 compared the immediate posttransport treatment level to the 60 minutes post-transport treatment level; Test 6
compared the post-tag treatment levels with the post-transport treatment levels (i.e.,
aggregate mean of 30, 60, 90, 120, and 250 minutes post-tag treatment levels vs,
aggregate mean of immediate, 30, and 60 minutes post-transport treatment levels); Test 7
compared the late post-tag and early post-transport treatment levels (i.e., aggregate mean
of 120 and 250 minutes post-tag treatment levels vs. aggregate mean of immediate and 30
minutes post-transport treatment levels); and Test 8 compared the latest post-tag
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treatment level (i.e., 250 minutes post-tag) to the earliest post-transport (i.e., immediate
post-transport) treatment level.
For the cage study, univariate One-Way ANOVA in SPSS 22.0 was used to
compare the differences in length, weight, and survival between the control (unstressed)
and treatment (stressed) subjects for both 48- and 80-dph fish. Observational data for
control and treatment groups consisted of mean values for fish from each of three
experimental units (pens) per group (n=3). Responses tested with One-Way ANOVA
included mean length, mean weight, coefficient of variation (denoted as CV henceforth)
total length, CV weight, and percent survival. The experimental factor was fixed (control
vs. treatment groups). The number of fish remaining was initially tested as a covariate;
however, when the covariate was not significant it was removed from the model to
conserve degrees of freedom. Survival was tested without a covariate as Arcsin Square
Root transformed percentages. A one tailed t-test compared K between stressed and
unstressed subjects for both 48- and 80-dph cage studies. Again, means for experimental
units served as the observations to conserve degrees of freedom. Levene’s tests of
equality of error variances passed the homogeneity of variance assumption for these
comparisons.
For the weight and length data of both 48- and 80-dph groups, initial reference
values served (average weight/lengths of subjects prior to placement in the cages) as
benchmarks for comparison with the final sizes of collected individuals to infer growth.
Pre-sample weights associated with each experimental unit were not taken to avoid
additional stress, thereby precluding actual quantification of growth for each tank.
Instead, estimates of initial size were based on weights and sizes of fish from the group to
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be released two days before the release process to allow the stress induced by the
procedure to subside before the experiments. To estimate initial sizes, a jackknife
estimation was made based on the distribution generated by 1000 repetitively sampled
and randomly selected groups of 15 individuals from pools of 115 48-dph and 80-dph
initial fish measurements. These initial weight/length estimates were compared to final
weight/length data to visualize the growth of caged fish from treatments vs. controls.
Results
Cortisol
All custom hyptheses were significant for both 48- and 80-dph Spotted Seatrout
(Table 1 and 2); however, successive treatment values were not necessarily greater than
previous values (Figure 4 and 5). For 48-dph Spotted Seatrout, cortisol concentration for
the control group was significantly lower than that of all other treatment levels (i.e.,
aggregate mean of 15 minutes post-net, immediate post-transport, 30 minutes posttransport, and 60 minutes post-transport treatment levels) (Test 1; Table 1). The control
group was significantly lower than the 15 minutes post-net treatment level (Test 2; Table
1). The control group was also significantly lower than all post-transport treatment levels
(i.e., the aggregate mean of immediate post-transport, 30 minutes post-transport, and 60
minutes post-transport treatment levels) (Test 3; Table 1). The fifteen minutes post-net
level cortisol cocentration was significantly lower than the mean of all post-transport
treatment levels (i.e., aggregate mean for immediate post-transport, 30 minutes posttransport, and 60 minutes post-transport treatment levels) (Test 4; Table 1), although 15
minutes post-net and immediate post-transport treatments were the most disparate (Figure
4). The 15 minutes post-net treatment was also significantly lower than the immediate

31
post-transport level alone (Test 5; Table 1). The immediate post-transport treatment level
was significantly greater than the 60 minutes-post transport treatment level (Test 6; Table
1), and the 30 minutes post-transport treatment level was significantly greater than the 60
minutes post-transport treatment level (Test 7; Table 1). This reduction in cortisol
concentration from immediate post-transport to 30 minutes post-transport, and further to
60 minutes post-transport, suggests a decreasing trend in cortisol concentration for 48dph Spotted Seatrout immediately prior to release (Figure 4).
Table 1
Custom hypothesis testing in LMM of cortisol concentrations (pg/g) for 48-dph Spotted
Seatrout during the hatchery release procedure. A sequential Bonferroni procedure was
used to adjust the rejection levels in accordance with multiple testing requirements. Test
1 compared the control to all other treatment levels (i.e., the aggregate mean of 15
minutes post-net, immediate post-transport, 30 minutes post-transport, and 60 minutes
post-transport treatment levels); Test 2 compared the control to the 15 minutes post-net
level; Test 3 compared the control to all post-transport levels (i.e., the aggregate mean of
immediate post-transport, 30 minutes post-transport, and 60 minutes post-transport
levels); Test 4 compared the 15 minutes post-net level to all post-transport levels (i.e., the
aggregate mean of immediate post-transport, 30 minutes post-transport, and 60 minutes
post-transport levels); Test 5 compared the 15 minutes post-net level to the immediate
post-transport level; Test 6 compared the immediate post-transport level to the 60
minutes post-transport level; and Test 7 compared the 30 minutes post-transport level to
the 60 minutes post-transport level. Values in bold indicate statistical significance
P<0.05.
Test

df

t

P

1

8.770

-19.220

<0.0001

2

8.848

-5.029

<0.001

3

8.756

-22.773

<0.0001

4

8.866

-16.441

<0.0001

5

8.827

-20.857

<0.0001

6

8.816

14.220

<0.0001
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Table 1 (Continued)
7

8.988

6.161

<0.0001
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Figure 4. Cortisol concentration for each treatment for 48-dph Spotted Seatrout.
Concentration are shown in pg/g of cortisol. Values for each treatment represent mean ±
1 SD.
For 80-dph Spotted Seatrout, cortisol concentration for the control group was
significantly lower than the composite mean for all other treatment levels during the
release procedure (i.e., the aggregate mean for 30 minutes post-tag, 60 minutes post-tag,
90 minutes post-tag, 120 minutes post-tag, 250 minutes post-tag, immediate posttransport, 30 minutes post-transport, and 60 minutes post-transport treatment levels) (Test
1; Table 2). The control group was significantly lower than the composite mean of the
post-tag treatment levels (i.e., the aggregate mean for the 30, 60, 90, 120, and 250
minutes post-tag treatment levels) (Test 2; Table 2). The control group was significantly
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lower than the composite mean of the post-transport treatment levels (i.e., the aggregate
mean for the immediate, 30, and 60 minutes post-transport treatment levels) (Test 3;
Table 2). Early post-tag levels were significantly lower than late post-tag levels (i.e.,
aggregate mean for 30 and 60 minutes post-tag treatment levels vs. aggregate mean of
120 and 250 minutes post-tag treatment levels) (Test 4; Table 2), although the 120
minutes post-tag treatment level was significantly greater than the 250 minutes post-tag
treatment level (Figure 5).This suggests that cortisol concentrations increased signficantly
throughout the tagging period, but decreased after peaking in the 120 minutes post-tag
treatment. The immediate post-transport treatment level was significantly greater than the
60 minutes post-transport treatment level (Test 5; Table 2). The post-tag treatment levels
were significantly lower than the post-transport treatment levels (i.e., aggregate mean of
30, 60, 90, 120, and 250 minutes post-tag treatment levels vs. aggregate mean of
immediate, 30, and 60 minutes post-transport treatment levels) (Test 6; Table 2). The late
post-tag treatment levels were significantly greater than the early post-transport treatment
levels (i.e., aggregate mean of 120 and 250 minutes post-tag treatment levels vs.
aggregate mean of immediate and 30 minutes post-transport treatment levels) (Test 7;
Table 2). Finally, the latest post-tag treatment level (i.e., 250 minutes post-tag) was
significantly greater than the earliest post-transport treatment level (i.e., immediate posttransport) (Test 8; Table 2). These results suggest that there is an increasing trend in
cortisol concentration due to the tagging procedure, followed by a decreasing trend after
peaking at 120 minutes post-tag. However, cortisol was seen to spike almost back to peak
levels just prior to release at 60 minutes post-transport (Figure 5).
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Table 2
Custom hypothesis testing in LMM of cortisol concentrations (pg/g) for 80-dph Spotted
Seatrout during the hatchery release procedure. A sequential Bonferroni procedure was
used to adjust the rejection levels in accordance with multiple testing requirements. Test
1 compared the control to all the other treatment levels (i.e., the aggregate mean for 30
minutes post-tag, 60 minutes post-tag, 90 minutes post-tag, 120 minutes post-tag, 250
minutes post-tag, immediate post-transport, 30 minutes post-transport, and 60 minutes
post-transport treatment levels); Test 2 compared the control to all post-tag treatment
levels (i.e., the aggregate mean for the 30, 60, 90, 120, and 250 minutes post-tag
treatment levels); Test 3 compared the control to all the post-transport treatment levels
(i.e., the aggregate mean for the immediate, 30, and 60 minutes post-transport treatment
levels); Test 4 compared early post-tag treatment levels to the late post-tag treatment
levels (i.e., aggregate mean for 30 and 60 minutes post-tag treatment levels vs. aggregate
mean of 120 and 250 minutes post-tag treatment levels); Test 5 compared the immediate
post-transport treatment level to the 60 minutes post-transport treatment level; Test 6
compared the post-tag treatment levels with the post-transport treatment levels (i.e.,
aggregate mean of 30, 60, 90, 120, and 250 minutes post-tag treatment levels vs,
aggregate mean of immediate, 30, and 60 minutes post-transport treatment levels); Test 7
compared the late post-tag and early post-transport treatment levels (i.e., aggregate
mean of 120 and 250 minutes post-tag treatment levels vs. aggregate mean of immediate
and 30 minutes post-transport treatment levels); and Test 8 compared the latest post-tag
treatment level (i.e., 250 minutes post-tag) to the earliest post-transport (i.e., immediate
post-transport) treatment levels. Values in bold indicate statistical significance P < 0.05.
Test

df

t

P

1

18.457

-49.291

<0.0001

2

18.304

-42.013

<0.0001

3

18.546

-53.747

<0.0001

4

17.908

55.044

<0.0001

5

20.042

3.638

<0.002

6

17.954

-23.021

<0.0001

7

16.414

12.488

<0.0001

8

16.374

3.439

<0.003

35

80 Day Old Fish
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Figure 5. Cortisol concentration for each treatment for 80-dph Spotted Seatrout.
Concentration was measured in pg/g of cortisol. Values for each treatment represent
mean ± 1 SD.
Cage study
Controls for both 48- and 80-dph Spotted Seatrout survived equally well during
the 30 day cage study, at 93.3% and 86.5% survival, respectively. There was no
difference in survival between control and experimental groups for 48-dph fish (Table
3). Both control and experimental groups for 48-dph fish exhibited 93.3% survival
(Figure 6). However, 80-dph controls survived better than 80-dph experimental fish
(Table 3), with controls exhibiting 86.5% survival and experimental fish exhibiting
26.7% survival (Figure 7).
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Table 3
Between subject effects of the one way ANOVA for weight, length, and survival between
control and experimental 48- and 80-dph Spotted Seatrout, Cynoscion nebulosus, held in
mesocosms under natural conditions following release. One tailed-test for Condition
Factor. Values in bold indicate statistical significance P<0.05. Significant values
indicate that controls for each age class were greater than experimental subjects.
Variable

F

df

P

Power*

48-days post-hatch
Weight

17.492

1

<0.014

0.958

Length

25.489

1

<0.007

0.875

Condition Factor (K)

11.329

1

<0.014

0.714

Survival

<0.001

1

1.000

0.050

Weight

1.701

1

>0.262

0.278

Length

3.153

1

>0.150

0.173

Condition Factor (K)

13.130

1

<0.011

0.772

Survival

19.017

1

<0.012

0.896

80-days post-hatch

*Power represents the probability of rejecting the null hypothesis when it is false.

37

Figure 6. Mean arcsin square root percent survival of 48-dph Spotted Seatrout,
Cynoscion nebulosus, following 30 days in mesocosms in natural conditions. Values
represent mean ± 1 SD. Asterisks indicate statistical significance at P < 0.05 (One-way
ANOVA).

*

Figure 7. Mean arcsin square root percent survival of 80-dph Spotted Seatrout,
Cynoscion nebulosus, after being held for 30 days in mesocosms. Values represent mean
± 1 SD. Asterisks indicate statistical significance at P < 0.05 (One-way ANOVA).
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48-dph control fish were significantly longer (P < 0.007), heavier (P < 0.014), and
in better condition (P < 0.014) than experimental fish (Table 3). 48-dph controls
exhibited an average length and weight of 75.26 ± 0.77 mm and 3.38 ± 0.18 g,
respectively; 48-dph experimental fish averaged 70.99 ± 1.24 mm and 2.84 ± 0.14 g
(Figure 8a and b). Fulton’s condition factor (K) for 48-dph controls was 0.86 ± 0.02 and
0.80 ± 0.02 for experimental fish (Figure 9).

A

*

39

B

*

Figure 8. Mean length (A) in millimeters and weight (B) in grams of 48-dph
dph Spotted
Seatrout, Cynoscion nebulosus
nebulosus, after being held for 30 days in mesocosms.
mesocosms Values
represent mean ± 1 SD. Bar labeled “Initial” represents results from jackknife resampling
resamplin
procedure. Asterisks indicate statistical significance at P < 0.05 (One-way
way ANOVA).
ANOVA)

*

Figure 9. Mean Fulton’s Condition Factor (K) ffor 48-dph Spotted Seatrout, Cynoscion
nebulosus.Values
Values represent mean ± 1 SD. Asterisks indicate statistical significance at P <
0.05 (Significance based on one
one-tailed t-test).
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80-dph control and experimental fish did not differ in length (P > 0.150)
or weight (P > 0.262) (Table 3). Control length and weight averaged 92.87 ± 3.18 mm
and 7.97 ± 0.69 g, respectively. Experimental fish averaged 87.09 ± 4.64 mm and 6.75 ±
1.47 g (Figure 10a and b). However, 80-dph controls had significantly greater K (P <
0.011) than experimental counterparts, at 0.96 ± 0.01 and 0.91 ± 0.02, respectively
(Figure 11). Although there were no significant differences in length or weight for the 80dph fish, positive growth in both length and weight was implied for the control group;
whereas, negative growth was implied for the experimental group.

A
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B

Figure 10. Mean length in millimeters (A) and weight (B) in grams for 80-dph Spotted
Seatrout, Cynoscion nebulosus, after being held for 30 days in mesocosms. Values
represent mean ± 1 SD. Bar labeled “Initial” represents results from jackknife resampling
procedure. Significance based on P < 0.05 using One-way ANOVA.

*

Figure 11. Mean Fulton’s Condition Factor (K) for 80-dph Spotted Seatrout, Cynoscion
nebulosus. Values represent mean ± 1 SD. Asterisks indicate statistical significance at P < 0.05
(Significance based on one-tailed t-test).
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Discussion
48-dph Spotted Seatrout had higher levels of cortisol (maximum 15,795 pg/g)
than their 80-dph counterparts (maximum 2,181 pg/g), even though 80-dph fish
underwent a greater number of stressors during the stock enhancement process. Control
48-dph fish also had higher baseline cortisol levels than their 80-dph control counterparts,
at 2,413 pg/g and 799 pg/g respectively. Although there is no information available on
normal baseline cortisol levels in seatrout in any age class, these results suggest that there
could be some attenuation of the HPI axis and subsequently reduced cortisol production
in the 80-dph fish. This attenuation would not have occurred during the short duration of
the release process, but may be occurring over a longer period of time while fish are
being grown to releasable size within the hatchery environment. Barton et al. (1986a)
found that multiple low magnitude, acute stressors over a 10 wk period caused
desensitization of the stress responsein juvenile Rainbow Trout. Wiseman et al. (2011)
noted attenuation of the cortisol response to an acute stressor in female Rainbow Trout
that had been chronically exposed to dietary selenomethionine. It is also possible that
there could be habituation of the HPI-axis in 80-dph Spotted Seatrout to anthropogenic
activity, or frequently occurring events such as handling and netting within the hatchery
environment. HPI-axis habituation to hatchery events potentially would benefit hatchery
fish by alleviating the deleterious impacts of chronic or repeated stress responses to
unthreatening events; however, the HPI-axis habituation that is beneficial within the
hatchery could prove maladaptive upon release into wild.
Trends in both 48- and 80-dph control groups with respect to all biological
parameters measured during the 30 day cage study (e.g., length, weight, K, and survival)
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suggest that those fish enjoyed greater success than their experimental counterparts.
Observations of mortality within the cages indicated that most of the mortalities occurred
during the first week following placement into cages. Initial mortality was high in
multiple studies (Howell 1994, Blaxter 2000). High post-release mortality in those
studies was attributed largely to predation. Buckmeier et al. (2005) found that high postrelease mortality in Largemouth Bass was due to predation rather than stressors
associated with the release procedure. Predator-free cages experienced only 3.5%
mortality at 84 h post-release, while losses of fish to predation was as high as 27.5% at 12
hours post-release. Although predation could be a major factor governing post-release
success of Spotted Seatrout when the fish are not protected by a cage, my study suggests
that the process of tagging, transporting, and releasing has deleterious consequences on
HR Spotted Seatrout.
Carmichael et al. (1983), Barton et al. (1986), Maule et al. (1988), Flos et al.
(1988), Sigismondi and Weber (1988), and Mesa (1994) found that multiple acute
stressors evoked a cumulative stress response in Smallmouth Bass, Rainbow Trout, and
Chinook Salmon, ultimately reducing fitness over time. My findings also suggest that
there could be additive impacts of multiple stressors on the stress response, thus
impacting post-release success of hatchery-reared Spotted Seatrout. While both groups
underwent the transport stressor, 48-dph experimental fish also underwent the release
stressor while controls did not. Although both 48-dph groups survived equally well,
experimental fish had lower growth and K. As for their 80-dph counterparts,
experimental fish underwent tagging, transporting, and release stressors, along with
associated handling and netting, while 80-dph controls only underwent the transport
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stressor. 80 dph experimental fish had significantly lower survival, implied negative
growth, and a lower K than controls. Also, the actual magnitude of difference between
control and experimental fish with respect to som metrics may have been masked by
inherent biases associated with mortality in experimental fish (i.e., dead fish, were they to
survive, may have increased the weight, length, and K disparities between controls and
experimental 80-dph fish. Buckmeier et al. (2005) conducted a similar tag, release, and
net pen study, but did not release the fish from a hauler. Instead, fish were net released, a
potentially less stressful release strategy. Buckmeier et al. (2005) found post-release
mortality to be only 3.5%, as opposed to 6.7% in 48-dph fish and 73.3% in 80-dph fish in
the present study. When these findings are paired with my own, it suggests that the
combination of the tagging and hauler release stressors are most deleterious to postrelease growth and survival. It may also suggest that multiple stressors associated with
the stock enhancement process have additive impacts on the physiological stress response
(cortisol production) of both 48- and 80-dph fish, as seen in the increase of cortisol
throughout the stock enhancement process, leading to reductions in growth, K, and
survival after release.
Although condition factor was significantly lower in experimental fish, no
mortalities could be attributable to starvation over the 30 day cage study. Moreover, 9.5%
of the 48-dph control fish retrieved had at least one prey item in the gut, while only 5% of
the 80-dph control fish had any prey in the gut. For the experimental groups, the same
percentage (9.5%) of 48-dph experimental fish retrieved had a prey item in the gut, while
none of the 80-dph experimental fish had a prey item in the gut. Of the five prey items
found (Palaemonetes sp., Callinectes sapidus, Fundulus sp., Gambusia affinis, and
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Gobiosoma bosc), Palaemonetes sp., was most abundant in gut contents, followed by
Gambusia affinis. This suggests that control fish, perhaps due to the lack of stress from
the tagging and release procedure, experienced a more successful transition to normal
foraging behavior. It should be noted, however, that the mesh size of the cages may have
excluded larger prey items that would have been consumed by the larger 80-dph fish.
The lower post-release success of 80-dph Spotted Seatrout compared to that of
48-dph fish could be attributable to the longer 80-dph residence time in the hatchery.
Hatchery induced chronic stressors such as poor water quality (Niimi 1990, Brown 1992,
Harmon 2009), high stocking density (Ruane et al. 2003, Ramsay et al. 2006),
anthropogenic activities, or multiple stressors (Acerete et al. 2004, Barcellos et al. 2004,
Portz et al. 2006) could prove insidious (Barton and Iwama 1991, Mesa 1994) and lead to
decreased success following release. Conversely, 48-dph Spotted Seatrout may simply
show higher levels of both physiological and behavioral placiticity than 80-dph fish,
enabling them to better cope with the stressful release procedure and subsequent
adjustment to feeding on wild prey items.
Stock enhancement programs could benefit from examining procedures in the
context of the potential stress those procedures might produce, and evaluating potential
modifications that may alleviate unnecessary pre-release stressors. Genetic tagging, for
example, could allow for a reduction in stress from physical tagging, a high magnitude
stressor identified in this study. Eliminating the tagging procedure also would alleviate
stress due to multiple netting events associated with moving fish to and from the tagging
stations. Some degree of transport is unavoidable, but longer acclimation periods may
help alleviate stress, as suggested by the progressive reduction of cortisol in both 48- and
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80-dph fish during the post-transport period of the release process. Modifications to the
release process also may result in decreased stress. 48-dph fish released from the release
pipe experienced lower post-release success than control counterparts. Dip netting fish
from haulers may be a far better release strategy than releasing at high velocities from a
release pipe, although this may not be feasible for large scale stock enhancement
programs. Decreasing the number of fish released, thus decreasing contact between
individuals during the release, or reducing the velocity at which fish are release could aid
in reducing stress associated with the release process. Perhaps soft-releases into
acclimation cages might be an alternative release strategy, as cortisol in both 48- and 80dph fish decreased throughout the transport and acclimation period. Further acclimation
during a soft release would allow for stress induced by the release process to subside
while in a predator free enclosure. A soft release could also allow for acclimation to
natural prey recognition and capture, thus facilitating greater post-release success.
Conclusion
With respect to my objectives, these findings suggest that pre-release physical
stressors are indeed having a deleterious effect on post-release success of both 48- and
80-dph Spotted Seatrout. In particular, 80-dph fish subjected to the full release procedure
experienced more mortality post-release mortality than control fish. In addition, those 80dph fish that survived were of lower condition than the controls. For 48-dph fish, even
though survival was high and similar in control and experimental groups, experimental
fish were shorter, lighter, and of lower condition factor than control fish. Cortisol for 48dph fish increased throughout the transport process, but decreased during the acclimation
period just prior to release. Cortisol for 80-dph fish also increased throughout the tagging
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and transport process, but showed a decreasing trend immediately after the release
process, and during the acclimation period just prior to release. However, cortisol
increases back to near peak levels at 60 minutes post-transport. This secondary increase
may be indicative of the rapid acclimation to wild water conditions just prior to the
release process. The differences in cortisol concentration between 48- and 80-dph fish
may be attributable to the number, magnitude, or cumulative effects of the stressors
associated with each age group’s release. Stock enhancement programs should strive to
eliminate extraneous stressors througout the rearing and stock enhancement procedure. A
reduction in the amount, magnitude, and duration of stressors during the stock
enhancement process would help to maximize post-release success.
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CHAPTER III
DEVELOPMENT OF A TISSUE-BASED CORTISOL EXTRACTION PROCEDURE
FOR INTERMEDIATELY SIZED FISH NOT AMENABLE TO
WHOLE-BODY OR PLASMA EXTRACTION METHODS
Abstract
The aim of responsible stock enhancement is to optimize post-release survival to
facilitate contribution to the fishery or stock. However, hatchery and release processes
such as handling, tagging, transport, and release may impact post-release success by
imposing stressors that diminish success. Quantification of stress, typically accomplished
through measurement of cortisol, can provide information that would allow for mitigation
of stress during rearing and release. Cortisol measurements are most often derived from a
blood sample, but whole body homogenization is another technique for fish too small to
produce an adequate blood sample. Whole body homogenization, however, is limited in
that once fish exceed a size of approximately 50-mm, the homogenization process
becomes inefficient due to the amount of tissue involved. Stock enhancement is being
investigated as a potential part of a comprehensive management plan for the Spotted
Seatrout, Cynoscion nebulosus, the most popular recreational fish in Mississippi. Two
sizes of fish currently are released, approximately 50-mm fish (48-dph) and
approximately 100-mm fish (80-dph), neither of which provide the type of samples
required for traditional cortisol analyses. This chapter presents a novel tissue-based
cortisol extraction procedure for measuring the amount of cortisol in intermediate sized
fish that are not amenable to standard cortisol extraction methods. This extraction
procedure allows for smaller portions of a larger fish to be sampled for cortisol, while at
the same time eliminating any potential interfering lipids that may otherwise be extracted
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along with the cortisol using whole-body extraction procedures. Assay precision was
comparable to both plasma and whole-body extraction procedures. Intra-assay percent
CV was 8.54%. Average recovery of spiked samples was 102%.
Introduction
The Gulf of Mexico coastal recreational and commercial fisheries are among the
most important natural resources in the United States. In the Gulf of Mexico alone, total
recreational fishing and durable equipment expenditures were $9.8 billion in 2011
(NMFS 2011). Unfortunately, two-thirds of harvested marine species for which
population data exist are at or below sustainable levels (NMFS 2011) and production of
capture fisheries has been stable since the 1980’s (SOFIA 2014). At the same time, global
demand for seafood has more than doubled since 1973 and demand for fish is expected to
grow by 1.5% annually to 2020 (Delgado et al. 2003). Aquaculture currently accounts for
at least 50% of all fisheries products and is filling the gap between the supply of wildcaught fish and consumer demand, but continued increases in seafood demand for both
food and recreation present a growing challenge for maintaining the sustainability of
these important marine resources.
The Spotted Seatrout is the most popular recreational fish in the Gulf of Mexico.
68% of anglers in the Gulf of Mexico targeted Spotted Seatrout as their fish of choice
(LDFW Unpublished Data 2000). With the growing popularity of Spotted Seatrout, the
potential for overexploitation has garnered the attention of researchers. Trends in North
Carolina from 1991-2008 showed declines in stock abundance and landings. In Florida,
recreational landings decreased from 6.3 million during the 1980s to an average of only
2.6 million fish since 1996, while fishing effort slowly increased (FWC 2009). Because
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the increase in recreational fishing effort is expected to continue, a comprehensive
management strategy that includes stock enhancement along with traditional fisheries
management techniques should be implemented to ensure the long-term viability of the
Spotted Seatrout fishery.
Although management of fishing efforts (i.e., size, creel, and season restrictions)
and habitat protection and restoration are key components to maintaining sustainable
marine fisheries, stock enhancement, or the release of cultured fish into the wild to
support native fisheries or overcome recruitment limitation from year to year, could be a
viable part of an integrated comprehensive management strategy. Although much effort
has been put into marine stock enhancement since its popularization in northeastern states
in the late nineteenth century, the effectiveness of marine stock enhancement is not well
established (Lorenzen et al. 2010). One potential impediment to the success of marine
stock enhancement is stress, as routine hatchery operations expose HRF to myriad
potential stressors associated with confinement, high density, handling, chemicals,
cannibalism, adverse salinity, and unnatural light conditions (Strange and Schreck 1980,
Barton 2002). These stressors, either alone or in combination with other unrecognized
physiological factors, influence subsequent growth, survival, and response to stress. The
most widely accepted indicator of stress in fish is the steroid hormone cortisol, which is
known to increase in response to various physical stressors (Redding and Schreck 1983,
Mesa 1994 Wendelaar Bonga 1997, Mommsen et al. 1999, Ramsay et al. 2006, Barcellos
et al. 2007, and Ramsay et al. 2009). Ramsay et al. (2006) showed that crowding
Zebrafish at densities of 40 fish L-1 caused a fourfold increase in whole-body cortisol,
and Montero et al. (1999) showed that high stocking densities produced crowding stress
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in Gilthead Sea Bream. Wedemeyer (2011) found moderate handling produced
significant elevation in the stress response in juvenile Coho salmon and Rainbow Trout.
The most common and traditional method for cortisol extraction is blood plasma
cortisol (ng/mL) (Barton et al. 1986a, Flos et al. 1988, Avella et al. 1991, Iwama et al.
1992, Pankhurst and Dedual 1994, Barton and Zitzow 1995, Iwama et al. 1997, and
Barnett and Pankhurst 1998). Blood volume requirements for plasma cortisol analysis via
RIA or ELISA are 50-150 µL for adequate sampling (Sink et al. 2007). A more recent
method of quantifying cortisol comprises whole-body homogenization followed by
extraction (Ramsay et al. 2006, Sink et al. 2007, Peterson and Booth 2009,Yeh et al.
2013), a method which is suitable for fish in the size range of approximately 50 mg. No
extraction methods that measure cortisol in intermediate size classes (i.e., fish that are too
small to measure plasma cortisol yet too large to efficiently homogenize and measure
whole-body cortisol) have been developed. These intermediate sized subjects require
considerable resources for whole-body extraction and also present the problem of
inefficient homogenization and binding interference within the assay wells during the
assay procedure. Interfering substances such as cholesterol and other lipids within the
sample tissue that are found in significant quantities in large subjects, can cause large
variation between duplicate wells due to an impure sample. Therefore, a technique is
required that reduces resource use, requires a smaller sample, alleviates problems with
interference and impurities, and allows the use of a size class of fish previously not
amenable to conventional techniques.
In this chapter, I present a novel cortisol extraction procedure using tissue
reduction techniques to produce a representative sample that will allow for conservation
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of resources and alleviate the interference compounds experienced when homogenizing
larger organisms. This extraction procedure efficiently enables routine monitoring of
cortisol concentrations in a consistent manner for intermediate sizes of fish, 50-100-mm
in length, and 1-13 g in weight.
Methods
Animals and husbandry
Spotted Seatrout larvae were obtained from volitional spawn of captive
broodstock held in recirculating systems at the University of Southern Mississippi’s Thad
Cochran Marine Aquaculture Center and photothermally cycled to 15 hours of light and 9
hours of dark and 26 °C. Salinity in broodstock tanks was held at approximately 30 ppt.
Fertilized eggs were collected via small mesh dip net from the surface of the water in a
box attached to each tank. Eggs were then stocked into incubation chambers at a density
of 1 mL-1 at 27 ppt and 27 °C for 24 h. Newly hatched larvae (1-dph) were stocked at 15
L−1 into 1500 L larval rearing tanks seeded with 75 thousand cells mL-1 of
Nannochloropsis paste (Reed Mariculture) at 25 ppt and 27 °C. Beginning at 60 hours
post-hatch, enriched s-type rotifers were maintained at 1.0 mL-1 and gradually increased
to 8.0 mL-1 over 8 days. The target feed level was maintained by adding the difference
between a residual prey count and the target level every eight hours. At day ten posthatch, rotifers were discontinued and enriched Artemia was introduced at 0.3 mL-1.
Artemia density was gradually increased to approximately 8.0 mL-1 over 12 days. The
target feed level was maintained by adding the difference between a residual prey count
and the target level every eight hours. Sprinkles of dry 150 µm pellets (Skretting USA)
were introduced on day 13 and gradually increased in both volume and particle size until
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fish were weaned and Artemia was discontinued. At 24-dph, fish were transferred to 1500
L nursery tanks at approximately 3 L-1 (25 ppt and 27 °C) and fed at approximately 3%
body weight per day until reaching a size of 50-mm (about 48-dph). At this time,
approximately half of the fish were collected, loaded into haulers, transported, and
released. The other half of the stock was retained and fed pelleted feed at 3% body
weight/day until reaching an approximate size of 100-mm (about 80-dph), at which time
they were tagged and released.
Subjects

Figure 12. Image of a Spotted Seatrout. Caudal peduncle portion located in the red box
indicates the sample tissue that was used for both 48- and 80-dph fish in the tissue
reduction extraction procedure.
Tissue reduction extraction procedure
On the day of the experiment, whole-body samples were collected from growout
tanks as unstressed, control samples and immediately frozen on dry ice. Samples were
then transferred to -80 ºC until the cortisol extraction procedure. For the procedure, whole
body samples were partially thawed and weighed (g) prior to homogenization to allow for
determination of cortisol concentration per unit of mass following extraction and ELISA.
After weighing, a 6-7-mm caudal ablation was made 4 mm posterior to the dorsal fin and
trimmed of caudal fin tissue (Figure 12). The caudal peduncle segment was then
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weighed, diced into smaller sections, and placed into a clean test tube containing 2 mL of
ice cold 1X phosphate buffered saline (PBS). Homogenization was accomplished using a
Tissue-Tearor (Biospec Products). Samples were homogenized for 30 s. Homogenate was
transferred to a clean, screw-cap (16 mL) test tube. The tube used during the
homogenization process was rinsed with 5 mL of diethyl ether (BDH Chemicals) twice
and decanted into the screw-cap test tube. The screw-cap test tube was then capped and
the sample was vortexed for 1 min using a Mini Vortexer (Fisher Scientific). Vortexed
samples were kept on ice until each sample group was completed. The whole group was
centrifuged at 2000 g for 5 min using an Allegra® X-15R (Beckman Coulter). Following
centrifugation, the diethyl ether supernatant containing cortisol was pipetted from each
sample using Pasteur Pipettes and placed into individual test tubes on ice. The process
was repeated two times to insure maximum cortisol extraction. The pooled diethyl ether
fraction from each sample was then dried under a nitrogen sparge. Dried samples were
reconstituted in 500 µL of kit specific buffer, sealed in test tubes with parafilm, and
stored at 4 ºC, typically overnight, but never more than 96 h (Ramsay et al. 2006). Two
50 µL aliquots of reconstituted sample were taken from the 500 µL sample stock and
used in duplicate wells following the assay protocol provided by Cayman Chemical
(Cortisol EIA Kit, Cayman Chemical Item Number 500360).
Plate validation procedure
Recovery procedure. One plate was run to validate the findings from the tissue
reduction extraction procedure. For validation, six fish were used. Each fish was
weighed, still frozen from the -80 ºC, and the caudal peduncle portion was excised and
processed as previously described. A 1 mL sample was taken from each of the six
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homogenates to serve as the control (unspiked) sample. Another 1 mL sample (spiked
sample) from each fish homogenate was then spiked with 800 pg of cortisol used to make
the cortisol EIA standard for the assay procedure. Both unspiked and spiked homogenates
were assayed using ELISA in order to quantify and calculate the extraction procedure
recovery.
Fish dilution series. Parallelism was used to show that there is neither a trend
toward increasing or decreasing estimates of the analyte concentration over the range of
dilutions, and that there were no interfering substances extracted during the extraction
procedure. Three fish were used for parallelism by diluting each homogenate from the
three sample fish in the following series: 1/1, 1/2, 1/4, 1/8, and 1/16. Each dilution from
each of the three fish homogenates was then assayed using ELISA. Each fish was treated
as previously stated in the tissue reduction extraction procedure.
Standard dilution series. A dilution series using standard one (4,000 pg/mL) from
the original Cayman Chemical Cortisol EIA kit’s standard dilution series was used to
show precision with the Cayman Chemical Cortisol EIA kit and the dilutions from the
homogenates of the three sample fish. Standard one was diluted in the following series:
1/1, 1/2, 1/4, 1/8, 1/16, 1/32, 1/64, 1/128, and 1/256. Both the fish dilution series above
and the standard one dilution series were treated the same.
Statistical analysis
A microplate reader (SpectraMax M2) automatically performed 4-parameter
regression analysis on standardized sample values for the standard curve, linearity
dilutions, and the coefficient of variation (CV) of unknown and spiked samples.
Recovery of spiked samples and intra-assay percent CV were then calculated.
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ELISA
The standard Cortisol EIA Kit protocol published by Cayman Chemical was used
throughout the plate validation assay to ensure optimal results (Cayman Chemical
Cortisol EIA Kit, Item No. 500360). The plate validation assay was read in the
microplate reader at a wavelength of 405 nm, which is within the wavelength range
specified by Cayman Chemical (405-420 nm).
Results
The standard curve of the cortisol EIA covered the range of 4.3-3988.9 pg/mL.
The results for the tissue reduction extraction procedure and subsequent validation assay
(Figure 13 and 14) show precision within duplicate wells within the assay, as well as
precision among replicated samples for both spiked and unspiked samples. Intra-assay
percent CV was 8.54%. Average recovery of spiked samples was 102% (Figure 14). All
control dilutions, as well as the standard #1 dilution passed the parallelism test and
remained parallel to the EIA standard dilution series.
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Figure 13. Dilution series confirming parallelism for tissue reduction extraction
procedure. The standard dilution series was diluted based on ELISA protocol (Cayman
Chemical). Control fish (1, 2, and 3 dilution series) were diluted in half four times, for a
final dilution of 1/16. The standard #1 dilution series was diluted in half eight times, for a
final dilution of 1/256. All concentrations are in pg/mL.
Results from the comparison of spiked and unspiked samples showed an average
recovery of 102%, and ranged from an average of 92.08 pg/mL cortisol in unspiked
samples to an average of 914.95 pg/mL in spiked samples. Percent CV for unspiked and
spiked samples was 4.17% and 2.91% respectively (Figure 14).
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Figure 14. Control (unspiked) versus spiked comparison of six fish for cortisol recovery.
Cortisol concentration is in pg/mL.
Discussion
The purpose of this study was to develop an extraction procedure that would
allow researchers to adequately and efficiently measure cortisol concentrations in
individual, intermediately sized fish not amenable to standard cortisol assays. This novel
extraction procedure was derived from whole-body extraction procedures and produced
comparable results (Table 4).
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Table 4
Comparative cortisol concentrations from previous studies involving whole-body
extraction procedures. Basal cortisol range (ng/g) for various species is listed for
reference concentrations for comparative purposes. Results from this study are in bold.
Author

Species

Basal Cortisol
ng/g

Pottinger and Calder (1995)

Danio rerio

1.0-2.1 ng/g

Feist and Schreck (2002)

Oncorhynchus tshawytscha

1.5-4.0 ng/g

Barry et al. (1995)

Oncorhynchus mykiss

1.0-4.9 ng/g

Pottinger et al. (2002)

Gasterosteus aculeatus

2.0-8.0 ng/g

Pérez-Domínguez and Holt
(2006)

Sciaenops ocellatus

0.5-6.2ng/g

Jentoft et al. (2002)

Perca flavescens

3.0-7.0 ng/g

Zuberi et al. (2014)

Melanotaenia duboulayi

1.4-1.8 ng/g

Present Study

Cynoscion nebulosus

0.799-2.413 ng/g

Cortisol extractions such those conducted in this study, as well as whole-body
extractions not only extract cortisol, but also remove other lipids within the sample tissue.
Sink et al. (2007) noted that reconstitution of the dried sample from a whole-body
extraction with an aqueous solution such as PBS, or the kit-specific EIA buffer that I used
in my extraction procedure, does not allow the final product to be properly emulsified
due to the large amount of non-target lipids extracted during the whole-body extraction
procedure. However, because I used a reduced amount of purely caudal peduncle tissue
containing comparatively low levels of lipids and other interfering substancese, my
procedure minimized this problem.
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Conclusion
This modified tissue extraction procedure will allow researchers to sample
intermediate sized fish that are too large for whole-body extraction procedures, but too
small to draw blood for plasma extraction procedures. By sampling the caudal peduncle
tissue, I alleviated potential intra-assay variation by avoiding tissues of high lipid content
that would otherwise be extracted using whole-body extraction procedures. This
tissuereduction extraction procedure not only alleviates the potential issue of variability
due to extraneous noise from interfering molecules, it also requires smaller tissue
samples, which ultimately conserves laboratory resources. Another valuable aspect of this
tissue extraction procedure is it’s ease of use, making it appropriate for use by agency
personnel in field studies or other areas where traditional methods cannot otherwise be
performed.
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CHAPTER IV
GENERAL CONCLUSION
The Spotted Seatrout is the most highly targeted recreational fish in the Gulf of
Mexico (Hendon and Warren 2003). Although the population in Mississippi is not
threatened, fishing mortality may be approaching maximum sustainable yield (MSY)
(Fulford and Hendon 2010). Continuing growth in popularity and increased fishing
pressure could potentially impact this fishery in future years (Hendon and Warren 2003,
Fulford and Hendon 2010). It is, therefore, imperative that fisheries management
strategies are comprehensive and integrated to include a variety of tools ranging from
science-based traditional size, season, and bag regulations to habitat conservation and
aquaculture-based stock enhancement (Bell et al. 2008).
While hatchery techniques have improved over the years and provided more fish
for release, high release mortality and low returns are still a problem for marine stock
enhancement programs (Blaxter 2000, Levin et al. 2001, Lorenzen et al. 2001, Naish et
al. 2007, and Lorenzen et al. 2010). While many factors including behavioral deficiencies
in prey capture and predator avoidance capability may contribute to low post-release
survival, the effects of hatchery- and release-induced stress are largely unexamined. This
project used levels of cortisol as a measure of stress during the handling, tagging,
transporting and releasing steps on two size classes of Spotted Seatrout used in a
prototype stock enhancment program, and considered the effect of those activities on
post-release growth, condition factor (K), and survival.
Chapter II showed that pre-release physical stressors appear to have a deleterious
effect on post-release success of both 48- and 80-dph Spotted Seatrout. Cortisol data
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suggest that the stress response builds during the handling, tagging, and transporting
process before beginning to resolve during the acclimation prior to release. The data also
show that 48-dph fish have a more pronounced stress response (i.e., higher cortisol
levels) than 80-dph fish. The difference in stress response and post-release success
between 48- and 80-dph fish may be attributable to the number and magnitude of the
stressors associated with each age group’s release. The lower success of experimental 48and 80-dph Spotted Seatrout may not be due simply to high cortisol concentrations, but
instead due to additive impacts of multiple stressors. The reduction of cortisol production
in 80-dph Spotted Seatrout may indicate that increased time spent in the hatchery causes
desensitization of the stress response due to chronic stressors associated with the
hatchery. This desensitization may disrupt the adaptive mechanism of the stress response,
causing decreased success upon release. 48-dph fish experienced greater success postrelease than 80-dph fish, presumably due to the number and magnitude of stressors
associate with each age group’s release strategy. Further, the present study showed a
clear distinction between control and experimental 48- and 80-dph Spotted Seatrout in
terms of weight, length, and condition factor (K) for 48-dph fish, and K and survival for
80-dph fish.
Chapter III described a novel, tissue reduction extraction procedure created for
intermediate sized fish (i.e., fish that are too small to provide an adequate amount of
blood for plasma extraction, yet too large to conduct whole-body extraction procedures).
This extraction procedure can be used as a tool to monitor stress responses in subjects
from a variable size range, and provides an efficient tool for stock enhancement programs
to monitor stress in HRF.
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In conclusion, this study demonstrates that stock enhancment programs should
consider stress as a potential contributor to post-release mortality and evaluate options for
better managing stress during the rearing and release process. Genetic tagging
technologies could eliminate the stress of physical tagging, a high magnitude stressor in
the stock enhancement process. Eliminating the tagging procedure also would alleviate
multiple netting events that are associated with moving fish to and from the tagging
stations. Although the magnitude and impacts of the release process in and of itself was
not directly measured, stock enhancement programs should take precautionary steps
when releasing fish from a release pipe. Further information is needed on the
physiological and biological impacts imposed on fish released from a high velocity
release pipe. A possible alternative could be dip net releases from the hauler, though the
practicality of dip net releases for large-scale enhancement programs is in question. If
tagging and hauler release stressors cannot be eliminated, stock enhancement programs
should attempt to minimize the effects of the previously mentioned stressors. As shown
in this study, the combination of tagging and release stressors drastically reduces postrelease success. A longer acclimation period prior to release could be important because
it could facilitate the return to the baseline cortisol level prior to release. Modifications to
the tagging operation could include changes in the type or amount of anesthetic and
proper training of tagging personnel on handling and tag insertion methodology, which
would both reduce stress caused by inproper tagging, and stress associated with the
length of time individual fish remain at the tagging station. Modifications to transport
could include reducing transport distance and adjustment of the acclimation period after
transport. Modifications to release could include reducing the number of fish
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simultaneously released, thus reducing the amount of contact fish have with one another
during the release process. If at all possible, dip netting fish from the hauler with plastic
buckets or bags and placing them straight into the water would be the least stressful
release strategy. However, this may not be possible with large scale releases. The
modifications to each of these procedures, however, would require the testing of specific
hypotheses, and, as such, provide many opportunities for further research. The studies
presented provide evidence that high post-release success can be obtainable for stock
enhancement programs. It is critical, however, that stock enhancement programs adjust
stocking strategies to impose as little stress on the release subjects as possible, thus
allowing for greater post-release success, and greater positive impacts on the target
fishery.
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APPENDIX A
INSTITUTIONAL ANIMAL CARE AND USE COMMITTEE
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